Abstract. Fault detection prediction of FAB (wafer fabrication) process in semiconductor manufacturing process is possible that improve product quality and reliability in accordance with the classification performance. However, FAB process is sometimes due to a fault occurs. And mostly it occurs "pass". Hence, data imbalance occurs in the pass/fail class. If the data imbalance occurs, prediction models are difficult to predict "fail" class because increases the bias of majority class (pass class). In this paper, we propose the SMOTE (Synthetic Minority Oversampling Technique) based over sampling method for solving problem of data imbalance. The proposed method solve the imbalance of the between pass and fail by oversampling the minority class of fail. In addition, by applying the fault detection prediction model to measure the performance.
Introduction
Probe test is a step of classifying the pass/fail (regular / irregular) of the wafer after the FAB process finished. [1] Until now, the semiconductor manufacturing process predicts the semiconductor yield using FAB process and probe test. But, the manufacturing process has caused the read time and cost problem. Because the level of manufacturing technology increases and increased the number of chips constituting a wafer. Therefore, to predict the final test yield in the semiconductor industry requires a study to reduce the lead time and cost. Complex wafer manufacturing process can cause some defects, it may fail to produce products. Hence, semiconductor manufacturing process is necessary to fault detection and classification * Corresponding Author. Youngshin Han and Jongsik Lee.
method of the manufacturing process. In other word, fault detection prediction model can be quickly predict the final product, improve the quality and reliability. [2] Resolution of the data imbalance to improve of classification accuracy of fault detection prediction model. [3] The semiconductor Manufacturing process due to the fault classes are small, It is causing the imbalance between pass and fail class of the final product. Therefore, prediction model needs a data sampling method that can solve the data imbalance. In general cause of the imbalance, depending on the degree of imbalance uses the method under-sampling or oversampling. However, if the dataset is unbalanced, and some of the classes have the overlapping record data. In this case, a great influence on the classification predicted in accordance with the amount of overlap and the degree of imbalance. Therefore, a way to solve the problem of overlap is required with the over-sampling method.
In this paper, we propose a SMOTE (Synthetic Minority Over-sampling Technique) [4] based oversampling for data imbalance in semiconductor manufacturing process. The proposed method solves the imbalance between the classes to improve the accuracy of the prediction model in Fault detection process. This study utilizes SECOM dataset [5] , and generates data preprocessing and prediction models.
Method
In this paper, the SMOTE based sampling technique to improve the performance of the predictive model. SMOTE generates the new minority class data using KNN (Knearest neighbor), a method for balancing the minority class and majority class. Framework for generating fault detection prediction model is shown in Figure 1 .
Fig. 1. Framework
The proposed framework consists of a 2 phase. The first phase is the preprocessing steps to configure the SECOM dataset classified as predictive models. The SECOM dataset using the data cleaning, Feature selection. Pre-processing include data cleaning and feature selection method using SECOM dataset. Divide the SECOM dataset into training set (70%), testing set (30%). Oversampling uses a SMOTE. SMOTE is 1:2 balance (minority class: 33.4%, majority class: 66.6%) and configured.
The second phase is to generate the prediction models and evaluation. Training set by the prediction model creation and utilization, LR (Logistic Regression), ANN (Artificial Neural Network), DT (Decision Tree C.4.5), RF (Random Forest) to use.
In order to evaluate the prediction models used the confusion matrix. The procedure for generate the fault prediction model including SMOTE based oversampling are as follows:
• Data cleaning 1) Count in each attribute 'not available data' or missing values. If record set are missing more than 60%, then remove that attribute • Feature selection 2) Apply the following PCA (Principal Component Analysis) based feature selection.
• Oversampling 3) To balance the pass/ fail used SMOTE based over sampling. SMOTE pseudo code is as shown in Table 1 . 
Experimental
We used SECOM dataset [6] for the experiment. SECOM dataset consists of 1557 record and 590 attribute. Fail class record is 104, and pass class record is 1536.
(Balance: 6.77%; 93.23%). Through data cleaning, removing and 271 attribute more than 'NaN (not available)' missing values with 60% of the 590 attribute. And finally using the 309 attribute. Feature selection is used in the final 35 feature from feature 309 using the PCA. SECOM dataset the training set 70% (total 1099 record; pass: 1026, fail: 73), testing set 30% (total 468 record; pass 437, fail 31) was composed. And, using the training set generates a fault prediction mode (using LR, ANN, DT and RF). For comparison of Oversampling SMOTE 1: 2, SMOTE 1: 2 and RUS (Random Under-Sampling) [6] 1: 2 compares.
Confusion matrix of the results are shown in Table 2 . Results of each model are shown in Figure 4 . 
Conclusion
Semiconductor manufacturing process are a lot of costs in accordance with the classification of the pass/fail. In this study, we propose a SMOTE (Synthetic Minority Over-sampling Technique) based on the over sampling to solve the data imbalance between pass and fail. The proposed method was used for SECOM dataset [6] , the classification model used the LR, ANN, DT and RF. SMOTE based oversampling is to offer better performance than other models. To future studies should study the way to increase the accuracy of the classification predicted.
